INTRODUCTION
Multiple-task performance measures occasionally have been used to ij predict success in flight training. The rationale behind the use of I these scores is that they measure timesharing skills, the skills involved in performing two or mare tasks concurrently. It has been assumed that timesharing skills contribute substantially to operational effectiveness and that they are different from those skills measured by paper-andpencil tests and single-task psyc,-homotor tests.
Measures of timesharing skill, therefore, could improve the overall predictive validity of a i selection battery f or advanced stages of flight training.
The first major investigation of multiple-task measures as predictors of success in pilot training was undertaken by the Army Air Force in World War II (Melton, 1947) . Performance on the pursuit rotor task U with divided attention was used to predict success in subsequent stages of pilot training. The predictive validity of this task was quite low, approximately .20, considerably lower than the predictive validities of 3 several other apparatus tests such as the complex coordination test (.40).
Later attempts to predict pilot performance from multiple-task measures North and Gopher (1976) tested 32 student pilots at the coimmencement of a private pilot course. Each student performed a one-dimensional compensatory tracking task and a choice reaction time task alone and then together. The system dynamics of the tracking task were adapted to correct for individual differences in timesharing skills. Measures of single-task and multiple-task performance were correlated with instructor's assessments of student capabilities.
Only multiple-task measures correlated reliably with these ratings.
Jacobs ( Damos (1978) examined 33 students enrolled in aprivate pilot course.
Before these students began training, they simultaneously performed a one-dimentional compensatory tracking task and a choice reaction time task at 1, 2, and 3 bits of stimulus information. Cross-adaptive logic was used to keep performance on the tracking task within narrow error limits, Ireplied to advertisements in a student newspaper and posters placed in various university buildings. These subjects were recruited to particiIpate in an experiment on the effects on augmented feedback on learning * (Lintern, 1978) . Because the Lintern study required the subjects to reach criterion on several different maneuvers in a simulator, it was of interest to eliminate individuals who could not reach criterion before they began the experiment. Two of the tasks reported in this paper, dual-task tracking and the Bennett Test of Mechanical Comprehension, were used as selection devices for Lintern's experiment. A cutting score was established for the
Bennett Test of Mechanical Comprehension based on published test norms and
the results of previous work by Damos (1977) . Five subjects had scores below this cutoff and were subsequently eliminated. Four more subjects
J:
had scores below a cutoff point on the dual-task tracking, which again was established based on previous work by Damos (1977) .
Tas ks
Tracking test . Two identical one-dimensional compensatory tracking tasks required the subject to keep a moving circle centered in a horizontal track by making appropriate left-right manipulations of a control stick. One 
1
The control systems had identical mixed first-and second-order dynamics with weightings of .10 and .90 respectively.
I
Simulator test. The simulator test consisted of six repetitions of each of three maneuvers: a level 900 turn to the left or right, a 500 fpm descent, and a 500 fpm descent followed by apower-off stall after level-off. For each maneuver three flight parameters, such as airspeed,
were selected for scoring. If the subject exceeded the criterion, performance on that parameter was scored as an error. Thus, the error score on each maneuver could range between 0 and 3. Bank, altitude, and roll-out I heading were scored for level turns; altitude, heading, and airspeed for descents; altitude, heading, and airspeed for descents followed by a stall. The following criteria were used for each parameter: bank, ± 100; altitude, ± 100 feet; roll-out heading, ± 100; and airspeed, ± 10 mph.
Performance on the last four repetitions of each maneuver was scored
1
Iindependently by the instructor and the experimenter.
IApparatus
Tracking test. The tracking tasks were presented on a 10.2 x 7.6 cm instructions, was used to rate the subjects on selected maneuvers. The scale was similar to that developed by Povenmire, et al, (1970) . All training and testing were done without simulator motion.
Procedure
Session 1. Subjects were tested with Form S of the Bennett Test of Mechanical Comprehension (1969) . After the subjects finished this test, they began the tracking test. The subjects first completed four singletask trials (commencing the sequence with the nonpreferred hand) followed by 25 dual-task trials. After the subjects finished the dual-task trials, they performed one single-task trial with each hand beginning again with I the nonpreferred hand. All trials were I mm long. A 5-min rest pause was given after Trials 13 and 21; 1-min rest pauses were given I after all other trials. The average absolute error scores for each trial were displayed throughout the subsequent rest period. Taped instructions were played to the subjects before the first single-and dual-task trials.
The subjects were informed of the number of trials to be completed. 
I

RESULTS
Performance on the tracking task as a function of practice is shown in Figure 2 . The inter correlations between the 31 tracking trials are given in Table 1 .
The tracking data were examined for evidence of the development of timesharing skills using the technique discussed in the Identification of Timesharing Skills Section. The analysis was performed on the data from Trials 4 (single-task), 5 (dual-task), 29 (dual-task), and 30 (single-task).
A two-way analysis of variance indicated reliable main effects of trials 
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The purpose of this experiment was to compare the predictive validity of single-and dual-task performance measues when timesharing skills were involved in the performance of the dual task. To demonstrate the development of timesharing skills using the technique discussed in the Identification of Timesharing Skills Section, the data must show a reliable main effect of secondary-task load and a reliable secondary-task load by trials interaction.
.Both these effects were evident in the data. Additionally, single-task performance must remain stable during the period in which timesharing skills are learned. Although the error decreased 4% between Trials 5 and 30
indicating some continued improvement in single-task tracking skills, this change is desirable in that it indicates that performance had not yet reached asymptote and avoided a single-task ceiling effect that would have made interpretation of subsequent improvements in dual-task performance difficult. Additionally, the change in single-task performance was small compared to the corresponding dual-task change during the same period (26%) tand it seems evident that timesharing skills developed in this combination.
Although the interaction between secondary-task load and practice is interpreted as evidence for the development of timesharing skills, there are, however, at least two alternative explanations that must be considered.
One explanation is that the interaction indicating the development of timesharing skills rests on a number of questionable assumptions about the metric of the dependent variables. Therefore, it may be argued that a transformation of the data could eliminate the interaction. To test this IThe second explanation is that single-task processing becomes more efficient with practice (consumes less of the operator's attentional resources) even as single-task performance remains unchanged. Norman and Bobrow (1975) have proposed that the performance-resource function--that function which relates performance to the quantity of resources invested--can be differentiated into resource-limited regions in which the quality of performance is proportional to the resources invested and data-limited regions in which performance is unchanged by investment or withdrawal of resources. The explanation of the effects described above would posit that single-task performance is data limited and that the amount of resources required to reach that data limited region becomes progressively less with practice. Thus, the combined resource demands of the two component tasks performed concurrently fall into a resource-limited region and become correspondingly less after practice than before. Therefore, dual-task performance will improve even as data-limited single-task performance remains constant.
However, the processing demands of the tracking task are such that it is unlikely that this task could be described as data limited. The tracking task per se does not impose demands that would exceed any processing characteristics that might represent sources of data limitation (e.g., capacity of short-term memory, speed of response, or resolution of perceptual V ..-,:2 processing). Therefore, it seems that this explanation cannot account for I the data and that the changes in dual-task performance are the result of the development of timesharing skills.
Because the ANOVA shows evidence for the development of timesharing skills under dual-task conditions, the predictive validity of the singletask tracking trials can be compared to that of the dual-task trials. As This "something" probably is a dual-task response strategy, which is reflected in the open-loop gain (the ratio of the amplitude of output i movement to the input movement) (Wickens and Gopher, 1977 It is possible that the subjects initially used large control movements under single-task conditions. The size of the control movements probably was reduced gradually throughout the 25 dual-task trials. When the subjects again performed under single-task conditions (Trials 30 and 31), they employed the same type of strategy as on the immediately preceding trials; they used small control movements, resulting both in a decrease in error and an increase in the predictive validity. Additionally, because strategy .
is a major determinant of dual-task performance (Damos, 1977) , the correlastion between late dual-task and late single-task performance easily could have been increased if a dual-task strategy had been employed during single-task performance.
To determine if the subjects did modify their control movements as suggested above, it is necessary to perform a Control Theory Analysis on the tracking data and obtain the open-loop gain on each trial. Such an analysis could not be performed on these data and the explanation given above remains speculative. Additionally, a unambiguous comparison of the *1predictive validities of dual-versus late single-task performance cannot be made.
*I
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It is necessary to discuss the finding that the correlation between averaged dual-task performance and the simulator score increased monotonically with practice. This finding complements previous research (Damos, 1978) showing that the correlation between a dual-task test and the performance on a flight check increased as the subject proceeded through flight training. Damos hypothesized that this unprecedented increase was the result of the development of timesharing skills; as the student progressed through flight training, his timesharing skills were improved. Because the laboratory test measured his timesharing skills, the correlation between this test and the flight check score increased as timesharing skills contributed more to flight performance even thought the inter-test interval increased. If the maneuvers performed in the simulator in the current experiment required timesharing skills and if timesharing skills were learned in dual-task tracking, then the correlation between successive blocks of dual-task tracking and the simulator score should increase, which was observed.
Of course, an alternate explanation is that the inter-test interval decreased with each successive block of dual-task trials. Because the correlation between two measures generally increases as the inter-trial interval decreases, the trend in the dual-task correlation could be attributed solely to a decrease in the inter-test interval. This argument is partially refuted by the trend in the early single-task trials; with each successive trial, the correlation decreased monotonically although the inter-test interval decreased.
In suimmary, the data reported in this experiment show the development of timesharing skills under dual-task conditions. The correlation between 1 22 successive blocks of dual-task trials and performance in a simulator increased while the correlation between successive early single-task trials and simulator performance decreased. However, the last two singletask trials showed a large increase in predictive validity, approximating that of the final block of dual-task trials. Although this increase may indicate that dual-task measures do not correlate more highly with I simulator performance than single-task measures, the pattern of intercorrelations between single-and dual-task tracking scores suggest that a multiple-task performance strategy may have been employed on the last two single-task trials resulting in the large increase in correlation.
